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OBJECTIVES In the Coronary Artery Risk Development in Young Adults (CARDIA) Study comprised of
a generally healthy, biracial cohort of 28- to 40-year-old adults, we sought to characterize the
distribution of left ventricular (LV) mass and LV geometry and the relationship of systolic
blood pressure (SBP), body mass index (BMI), and fasting insulin to LV mass and geometry.
BACKGROUND Left ventricular mass is a risk factor for cardiovascular morbidity and mortality.
METHODS Two-dimensionally guided M-mode echocardiograms were used to calculate LV mass index
(g/height2.7) and geometry.
RESULTS Black men had highest LV mass index followed by white men, black women, and white
women. Blacks had higher LV wall thickness/diameter ratios than whites. Left ventricular
hypertrophy was present in 2% of the cohort. Going from highest to lowest quartile for LV
mass index and LV wall thickness/diameter ratio, SBP and BMI were highest in those with
the highest LV mass index and LV wall thickness/diameter ratio. Increasing BMI and SBP
over a 10-year interval was also strongly related to LV structure in most race/gender groups.
CONCLUSIONS In a generally healthy young adult cohort, LV structure as defined by LV mass and geometry
is associated with SBP and BMI at levels generally considered normal. (J Am Coll Cardiol
2003;41:955–60) © 2003 by the American College of Cardiology Foundation
Blood pressure in the high normal range and excessive body
weight (often associated with hyperinsulinemia) are cardio-
vascular risk factors with long-term effects on left ventricular
(LV) structure and function (1–3). It is known that LV mass
assessed by echocardiogram is an independent risk factor for
cardiovascular morbidity and mortality (4,5). Concentric
hypertrophy (increased LV mass with higher LV wall
thickness/diameter ratio) confers higher risk than eccentric
hypertrophy, whereas concentric remodeling (normal LV
mass with increased thickness/diameter ratio) confers
higher risk than normal LV mass with a normal wall
thickness to diameter ratio (6). However, there is little
information in the literature on LV hypertrophy and geom-
etry in young adults and the distribution of LV geometry in
generally healthy young adults. The Coronary Artery Risk
Development in Young Adults (CARDIA) Study is a
prospective, multi-center, epidemiologic study of cardiovas-
cular risk in a biracial cohort of young adults age 18 to 30
years at the initial examination (7). The goals of this report
are: 1) to characterize the distribution of LV mass and LV
geometry (LV wall thickness/diameter ratio) in a generally
healthy cohort of young adults; 2) to examine the relation-
ship of LV mass and geometry to systolic blood pressure
(SBP), body mass index (BMI), and fasting serum insulin
levels, both in cross-sectional and longitudinal models; and
3) to determine if significant racial differences exist in these
relationships.
METHODS
In the year 10 examination of the CARDIA study, echo-
cardiograms were obtained in adults 28 to 40 years old (n 
1,618; 457 white men and 280 black men; 492 white and
389 black women) in Minneapolis and Chicago in 1995
through 1996. Protocols have been approved by the insti-
tutional review boards of participating institutions. Partici-
pants were seated quietly for 5 min, and arm blood pressure
was measured three times using a random-zero cuff sphyg-
momanometer, with the average of the second and third
readings used in this analysis. While the participants were
wearing light clothing and no shoes, height was measured to
the nearest 0.5 cm, and weight was measured to the nearest
0.5 lb. Baseline fasting insulin levels were measured at Linco
Research Inc. (St. Charles, Missouri) by radioimmunoassay
using an overnight equilibrium incubation (8). Other car-
diovascular risk factors, including family history, were not
considered in this analysis, because previous reports and
other analyses of the data set have shown small or insignif-
icant correlations of these factors with LV mass and LV
remodeling (3,9).
Two-dimensionally directed M-mode echocardiograms
were performed on 1,618 participants using a protocol
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similar to the protocol used in year 5 of the CARDIA
examination (9). Echocardiograms were recorded onto
super-VHS tape using an Acuson cardiac ultrasound ma-
chine and a standardized recording protocol. Measurements
were made from digitized images using a Tom Tec/
Freeland off-line image analysis system (Boulder, Colo-
rado). Strict quality control measures were applied. Left
ventricular mass was derived from the formula: LV mass (g)
 0.80  1.04 [(VSTd  LVIDd  PWTd)3 
(LVIDd)3]  0.6, where VSTd is ventricular septal thick-
ness at end-diastole, LVIDd is LV internal dimension at
end-diastole, and PWTd is LV posterior wall thickness at
end-diastole (9,10). Left ventricular mass was indexed to
body size by dividing raw LV mass by height2.7 (g/ht2.7)
(10). The intra- and inter-reader coefficient of variation for
LV mass calculation was 10%. All analyses of LV mass were
performed using the index of g/ht2.7. Relative wall thickness
was calculated as the ratio PWTd VSTd/LVIDd and was
used as the index for LV geometry.
From the 1,618 participants from the Chicago and
Minneapolis field centers on whom echocardiograms were
performed, 260 were excluded from analyses for the follow-
ing: missing data on variables used to define relative wall
thickness or LV mass index (n  65), missing fasting time
or fasting time of 8 h (n  88), sex change procedure
during the follow-up period (n 1), and having poor scores
on echocardiography (n  106), leaving 1,358 participants
(3,9).
Data analysis. Descriptive statistics were calculated for all
study variables. Histograms were developed for the distri-
bution of indexed LV mass and LV geometry, and the
coefficient of variation was computed for LV mass and LV
geometry within each race/gender group. A cut point of
51 g/m2.7 was established for the diagnosis of LV hypertro-
phy (10). The relationships among LV mass, LV geometry,
SBP, BMI, and insulin were examined in three ways. First,
for both LV mass and LV geometry, quartiles of the
distribution for the entire cohort were established. Then, for
each variable and race/gender group, three subgroups were
established based on the cohort-wide cut points: the lowest
quartile, middle half, and upper quartile. Mean values of
SBP, BMI, and fasting serum insulin were calculated for
each subgroup. Group comparisons were made using one-
way analysis of variance. Finally, the trends of BMI and
SBP over the years 0, 2, 5, 7, and 10 were assessed for
associations with year 10 LV mass index and LV geometry
by first fitting for BMI and SBP a separate regression line to
the 10-year follow-up for each person and then computing
the Pearson correlation coefficient between the person-
specific slopes estimated from the regression models and LV
mass index and LV geometry. A linear random coefficients
model was used to obtain the person-specific slopes.
RESULTS
Baseline characteristics for the cohort by race and gender are
presented in Table 1. Black men had the highest SBP; black
women had significantly higher values for BMI and fasting
insulin. Among echocardiographic variables used to calcu-
late LV mass, men had higher LV diameters in diastole than
did women. Black men had higher LV mass index than all
other groups, followed by white men, black women, and
white women. Blacks had higher LV wall thickness/
diameter ratios than whites; white men had higher ratios
than white women.
Figure 1 shows the distribution of LV mass/height2.7.
Men had higher LV mass than women, and blacks higher
LV mass than whites. Note that the range of the distribu-
tion within the cohort is broad, with 82% between 20 and
40 g/ht2.7. Only 2% of the cohort had LV mass above
51 g/m2.7: 5% (11/243) of black men, 1% (4/376) of white
men, 3% (11/323) of black women, and 1% (3/416) of white
women. The 97.5% cut points were 56.7, 46.9, 52.9, and
Abbreviations and Acronyms
BMI  body mass index
CARDIA  Coronary Artery Risk Development in
Young Adults
LV  left ventricle, left ventricular
LVIDd  left ventricular internal dimension at end-
diastole
PWTd  left ventricular posterior wall thickness at
end-diastole
SBP  systolic blood pressure
VSTd  ventricular septal thickness at end-diastole
Table 1. Baseline Data From Year 10 of the CARDIA Study on All Participants (n  1,358) by Race and Gender
Black Men
(n  243)
White Men
(n  376)
Black Women
(n  323)
White Women
(n  416) p Value
Age (yrs) 34.3 (3.8) 35.6 (3.2) 34.4 (4.0) 35.6 (3.3)  0.00011,3,4,6
SBP (mm Hg) 114 (10) 110 (9) 109 (14) 102 (10)  0.00011,2,3,5,6
BMI (kg/m2) 27.3 (5.1) 26.3 (3.8) 29.3 (7.3) 25.2 (5.6)  0.00012,3,4,6
Insulin (uU/ml) 12.9 (7.7) 11.8 (6.7) 15.1 (10.2) 11.0 (6.6)  0.00012,3,4,6
LV mass (g/m2.7) 36.5 (8.6) 33.3 (6.7) 33.3 (8.8) 29.4 (6.7)  0.00011,2,3,5,6
Relative wall thickness 0.33 (0.05) 0.31 (0.05) 0.33 (0.06) 0.30 (0.05)  0.00011,3,4,5,6
LVIDd (cm) 5.3 (0.5) 5.3 (0.4) 4.8 (0.4) 4.8 (0.4)  0.00012,3,4,5
Data are expressed as mean (SD). In pairwise comparisons, p  0.008 (p  0.05 overall using Bonferroni’s method) for: 1: black men versus white men; 2: black men versus
black women; 3: black men versus white women; 4: white men versus black women; 5: white men versus white women; 6: black women versus white women.
BMI  body mass index; CARDIA  Coronary Artery Risk Development in Young Adults; LV  left ventricular; LVIDd  left ventricular internal dimension, diastole;
SBP  systolic blood pressure.
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47.1 g/m2.7 for black men, white men, black women, and
white women, respectively. Figure 2 shows the distribution
of the LV geometry. The 97.5% cut points for LV geometry
were 0.452, 0.418, 0.456, and 0.420, respectively. The
distributions for LV geometry have less dispersion than do
those for LV mass, with coefficients of variation for LV
geometry ranging from 15.7% to 18.7% in the four race/
gender groups. In comparison, the coefficients of variation
were larger for LV mass, indicating greater variability; they
ranged from 20.2% to 26.5%.
Tables 2 and 3 show race- and gender-specific mean
values for SBP, BMI, and fasting serum insulin for the LV
mass and relative wall thickness subgroups. In general, there
was a consistent and graded relationship between risk
factors and echocardiographic variables, with the highest
values for each risk factor coinciding with the highest values
for LV mass and relative wall thickness. These results were
statistically significant for all race/gender groups for LV
mass (with the exception of insulin for men and SBP for
white men) and for LV geometry (with the exception of
insulin for men and BMI for black men).
The cumulative 10-year effects of SBP and BMI were
tested in a longitudinal model by assessing a unique regres-
sion line for each person for each variable over the course of
the study (Table 4) and correlating the slopes from the
regression lines with LV mass index and LV geometry. This
showed that black men and women with increasing SBP
and BMI over time (indicated by positive slope coefficients)
had higher LV mass index. White women with increasing
BMI over time also had higher LV mass index. In black
women, the same was true for LV geometry.
DISCUSSION
Left ventricular mass and geometry occupy an unusual
position in the assessment of cardiovascular risk in that
these factors are not only in part determined by conven-
tional cardiac risk factors such as BMI and SBP but also
function independently as intermediate risk factors them-
selves. Blacks and men generally had distributions skewed
toward increased risk. Left ventricular mass indexed for
height2.7 has a relatively broad distribution in the general
population. Extremes of the distribution were uncommon;
only a few individuals were identified with LV hypertrophy,
and this was more common in African Americans than
whites. Most important, increasing SBP and BMI over time
correlated with higher LV mass in black men and women
and with LV geometry in black women (3).
There was a relatively broad range for LV mass, suggest-
ing that LV mass (and its response to physiologic stress)
may be controlled by genetic factors which create inter-
individual variability. Genes responsible for LV hypertrophy
are being actively investigated, both as causes of various
forms of cardiomyopathy and as being responsible for
Figure 1. Distribution of left ventricular mass index (g/ht2.7) by race and gender.
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variation in LV structure within the normal population.
Future studies of LV mass and geometry may wish to
consider whether current cut points for LV hypertrophy are
too liberal and whether increased morbidity is observed in
the upper quintile of the distribution as well as in the
extreme upper end of the distribution.
There is relatively little information available on LV
geometry in a generally healthy population. It is known that
patients with hypertension can have concentric remodeling
(increased LV wall thickness/diameter ratio), and the pres-
ence of this condition may be associated with increased
cardiovascular risk independent of other risk factors
Figure 2. Distribution of left ventricular geometry by race and gender.
Table 2. Relationship of Risk Factors (SBP, BMI, and Insulin) to LV Mass Index Group by
Race and Gender at Year 10
High
(>37.37 g/ht2.7)
Middle
(27.05–37.33 g/ht2.7)
Low
(<27.04 g/ht2.7) p Value
Black men
SBP (mm Hg) 116 (1.0) 113 (0.9) 108 (2.0) 0.0007
BMI (kg/m2) 29.1 (0.48) 26.6 (0.44) 23.5 (0.96)  0.0001
Insulin (uU/ml) 13.8 (0.77) 12.6 (0.70) 10.8 (1.53) 0.18
White men
SBP (mm Hg) 112 (0.9) 110 (0.6) 109 (1.2) 0.11
BMI (kg/m2) 28.3 (0.35) 25.8 (0.25) 24.4 (0.44)  0.0001
Insulin (uU/ml) 12.1 (0.67) 11.6 (0.47) 11.7 (0.83) 0.82
Black women
SBP (mm Hg) 116 (1.4) 108 (1.1) 104 (1.5)  0.0001
BMI (kg/m2) 34.0 (0.66) 29.7 (0.50) 23.2 (0.70)  0.0001
Insulin (uU/ml) 18.2 (1.05) 14.9 (0.80) 12.0 (1.13) 0.0003
White women
SBP (mm Hg) 105 (1.3) 103 (0.7) 99 (0.7)  0.0001
BMI (kg/m2) 31.4 (0.70) 25.9 (0.35) 22.7 (0.37)  0.0001
Insulin (uU/ml) 16.1 (0.89) 11.0 (0.45) 9.4 (0.48)  0.0001
Data are expressed as mean (SE).
Abbreviations as in Table 1.
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(6,11,12). The presence of concentric remodeling in the
absence of hypertrophy may confer an intermediate level of
risk compared with the risk conferred by concentric hyper-
trophy (12). However, Krumholz et al. (13) did not confirm
these findings; in contrast, they found that in a population
of subjects 40 years of age without cardiovascular disease,
little prognostic value of LV geometry was added to that
available from LV mass. Thus, the overall clinical signifi-
cance of LV geometry requires further study (14).
The relationship of elevated insulin levels (or insulin
resistance) to increased LV mass is not completely under-
stood. Verdecchia et al. (15) found that insulin and insulin-
like growth factor-1 are important determinants of LV mass
and geometry in patients with essential hypertension and
that the relationship was independent of gender, obesity,
and blood pressure. In the Bogalusa Heart Study, after
stratifying for both insulin level and obesity, insulin was
independently related to LV mass only in those with the
most severe obesity (16). In the current study, fasting insulin
was not independent of the effects of SBP and BMI.
Left ventricular hypertrophy was more prevalent in the
black population in this study, as was elevated relative wall
thickness. This may be due in part to higher SBP, BMI, and
positive family history. In longitudinal analyses of the
CARDIA cohort, black women were the only race/gender
group to have an increase in LV mass over a five-year
follow-up interval (3).
This study has shown that, at a young age, LV structure
as defined by LV mass and geometry is associated with SBP
and body size at levels seen in a generally healthy population
of young adults (12,17). Sustained exposure over time, that
is, increasing SBP and BMI, increases these effects. These
findings are consistent with the knowledge that acquired
cardiovascular disease evolves over a considerable period of
time. The relationship of cardiovascular mortality to risk
factors is continuous and graded with increases in risk
observed well within the “normal” range (18). Though
individuals at the adverse extreme of the population distri-
bution of risk factors have substantial increases in coronary
disease rates, the majority of events occur at older ages in
those with either average or slightly increased risk profiles.
Our data suggest that healthy individuals with favorable
changes in SBP and BMI over time will have favorable
changes in LV structure, further emphasizing the impor-
tance of public health measures to lower SBP and BMI in
the general population and in African Americans in partic-
ular.
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